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SUMMARY In 43 patients left ventricular micromanometry and cineangiography were performed
preoperatively and 20 months after aortic valve replacement. A score of left ventricular functional
impairment, derived from 5 to 8 haemodynamic variables, was calculated as: number of pathological
indices x 100/total number of determined indices. Preoperatively the score of left ventricular functional
impairment amounted to 35 per cent in group 1 (aortic stenosis: n = 19), to 61 per cent in group 2
(combined lesion: n = 15) (P < 0 05), and to 87 per cent in group 3 (aortic regurgitation: n = 9) (P <
0 001). In contrast, the functional classification according to the NYHA showed similar impairment in the
3 groups. Postoperatively the score of left ventricular functional impairment decreased significantly in all
3 groups to 10, 16, and 27 per cent, respectively, but the score of group 3 remained raised (P < 0.05) as

compared with that of group 1. The patients with residual left ventricular dysfunction had a higher
preoperative left ventricular muscle mass than the patients with normal or near normal postoperative left
ventricular function.

It is concluded that (1) at similar functional impairment according to the NYHA classification left
ventricular contractile function is more severely impaired in aortic regurgitation and in aortic regurgita-
tion + aortic stenosis than in aortic stenosis alone, (2) left ventricular function improves significantly
after valve replacement in all three forms of aortic valve disease, (3) residual functional impairment is
greater in aortic regurgitation than in aortic stenosis or aortic stenosis + aortic regurgitation, and (4)
persistent postoperative left ventricular functional impairment is found in the patients with severe

preoperative hypertrophy.

The outcome ofaortic valve replacement with respect
tomortalityandlong-termpostoperativethromboem-
bolic complications has been the subject of numerous
reports (Bjork etal., 1974; Hirshfeld et al., 1974; Isom
et al., 1974; Farnhorst et al., 1975; Rothlin et al.,
1977) but there is only limited information regarding
myocardial function after successful surgery (Gault
et al., 1970; Doces et al., 1974; Schmutzler et al.,
1976). However, the postoperative quality of life
and ultimately the fate of the patient with aortic
valve disease is determined by the functional state of
the left ventricular myocardium. Thus it is im-
portant to know to what extent preoperatively
compromised left ventricular function is reversible
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after surgery. Obviously this would influence our
indications for valve replacement, which, in most
centres at present, are based essentially on the
patient's complaints. The relation of overall func-
tional limitation (NYHA classification) to the
actual myocardial function may vary in different
forms of aortic valve disease. It was the purpose of
the present study to compare preoperative left
ventricular function with that after surgery in
patients with aortic stenosis, aortic regurgitation,
and combined aortic valve disease. We assessed in
the same groups the relation of preoperative in-
vasive left ventricular function to the overall
functional impairment according to the NYHA
classification. We also studied procedures thought
to be useful for myocardial protection during
surgery to see whether they had any impact on
the long-term contractile state of the left ventricular
myocardium.
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Ale 1 Clinical data

Age (y) NYHA class PWC SOKI Restudy Comments
Preop Postop Preop Postop (% of normal) (mV) (mth)

Preop Postop Preop Postop postop

up 1 (aortic stenosis) 52 ± 8 54 ± 8 2-8 1-4 70 ± 26 87 ± 14 4-8 3-5 16-6 1 PDA; 2 LBBB,
± 0-6 ± 0-6 ± 1-2 ± 1-2 ± 5 9 1 RBBB

nber 19 19 19 19 18 19 16 16 19 Cor. arteriography in
< 0 001 < 0-02 < 0-001 16/19 patients

up 2 (aortic stenosis 44 ± 9 46 ± 9 2-7 1-4 70 ± 18 88 ± 16 6-2 3-8 20-7 1 LAD stenosis 75%,
regurgitation) ± 0 6 ± 0 5 ± 2-1 ± 1-2 ± 8-8 1 VSD, 1 LBBB

nber 15 15 15 15 15 15 14 14 15 Cor. arteriography in
<0 001 <0-01 <0-001 11/15 patients

-up 3 (aortic 41 ± 9 43 ± 10 2 4 1-3 67 ± 22 86 ± 18 5-8 3-6 26-0 1 LBBB
-gurgitation) ± 05 ± 05 1-6 0-8 ± 142
nber 9 9 9 9 8 9 8 8 9 Cor. arteriography in

< 0 01 < 0-025 < 0 005 2/9 patients

VS 2 < 0-01 NS NS NS NS < 0-05 NS NS
vS 3 < 0 005 NS NS NS NS NS NS <0-02
Vs3 NS NS NS NS NS NS NS NS NS

C, physical working capacity; SOKI, Sokolow index for left ventricular hypertrophy (SVI + RV, or s); PDA, persistent ductus arteriosus; LBBB and
BB, left and right bundle-branch block; LAD, left anterior descending coronary artery; VSD, ventricular septal defect; P, probability (paired t test);
probability (unpaired t test); NS, not significant.

Subjects and methods

PATIENTS
Forty-three patients (39 men; 4 women) with
aortic valve disease were evaluated by right and left
heart catheterisation and cineangiography before
operation and 20 (range 11 to 55) months after
aortic valve replacement (Table 1). Group 1 con-
sisted of 19 patients with aortic stenosis. These
patients had a mean systolic pressure gradient
across the aortic valve between 51 and 131 mmHg
and none or only slight aortic regurgitation (regur-
gitation fraction as determined by thermodilution
< 0-18). Group 2 consisted of 15 patients with a
combined aortic valve lesion (mean systolic pressure
gradient 28 to 87 mmHg, aortic regurgitation
fraction 0-22 to 0 70). In group 3 there were 9
patients with aortic regurgitation (regurgitation
fraction 0-58 to 0 84). Coronary arteriography was
carried out in 29 patients. In only one patient in
group 2 was there a significant (>50%) coronary
arterial stenosis. Of the 14 patients in whom the
coronary arteries were not visualised selectively, 10
were below the age of 43 years. Associated minor
valvular or congenital lesions included minimal to
slight mitral regurgitation in 17 patients, persistent
ductus arteriosus in 1, and ventricular septal defect
in 1.

All patients were in sinus rhythm before and after
operation. Apart from 5 patients who showed a
stable left or right bundle-branch block, the duration
of the QRS complex was within normal limits.
Patients in whom a bundle-branch block appeared
after surgery were excluded from the study. Most

patients were on maintenance digitalis before and/or
after valve replacement. Overall physical working
capacity was evaluated by bicycle ergometry in the
sitting position. The achieved number of watts at
the submaximal heart rate was expressed as a per-
centage of the normal value for a given height, age,
and sex.

CATHETERISATION AND CINEANGIOGRAPHY
Informed consent was obtained from all patients.
Premedication consisted of 10 mg chlordiazepoxide
or 5 mg diazepam given oraUy 1 hour before the
procedure. Left ventricular pressure was measured
in 32 patients by a transseptally introduced micro-
manometer (Statham SF-1 or Millar) at both pre-
and postoperative catheterisation. In 5 patients
micromanometer measurements were obtained
solely at the postoperative study. In six patients only
conventional left ventricular pressure measurements
were obtained. From the high fidelity left ventricular
curves that were recorded at a paper speed of 200
mm/s (oscillograph Electronics for Medicine DR/16)
the first derivative (dP/dt) and the instantaneous
quotient (dP/dt)/P were obtained by an analogue
computer (Krayenbuehl et al., 1973). The peak
value of (dP/dt)/P was labelledVpm (peak measured
velocity of shortening) and expressed in muscle
lengths (ML) /s, a constant of series elasticity of 28
being used (Mirsky et al., 1971). Total pressure
Vmax was determined by linear extrapolation of the
descending limb of the pressure-velocity curves
(Krayenbuehl et al., 1973). This was done only
when at least 3 data points on the descending limb
before aortic valve opening were available.
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Monoplane left ventricular cineangiography in
the right anterior oblique position was performed at
midinspiration at a fuiming rate of 50 or 75 frames
per second. Quantitative evaluation of end-diastolic
and end-systolic frames for the calculation of end-
diastolic volume, ejection fraction, mean normalised
systolic ejection rate, and mean velocity of endo-
cardial circumferential shortening was carried
out as reported previously (Brunner et al., 1977).
End-diastolic wall thickness was determined in
most instances from a second left ventricular
cineangiogram obtained in the anteroposterior
position or occasionaUy from the first angiogram in
the right anterior oblique position. Left ventricular
muscle mass was calculated according to the tech-
nique of Rackley et al. (1964).

ASSESSMENT OF LEFT VENTRICULAR
CONTRACTILE FUNCTION
Isovolumic as well as ejection phase indices have
been used for quantifying the functional state of the
left ventricular myocardium. However, no single
index is valid under all haemodynamic conditions
(Peterson et al., 1974; Kreulen et al., 1975;
Brunner et al., 1977). Therefore, a score derived
from 5 to 8 variables including left ventricular end-
diastolic pressure, cardiac index, end-diastolic
volume index, ejection fraction, mean velocity of
endocardial circumferential shortening, mean nor-

malised systolic ejection rate, peak measured
velocity of shortening, and total pressure Vmax
was established for describing left ventricular con-

tractile fimction. The score of left ventricular
functional impairment was calculated as: number of
pathological indices x 100/total number of deter-
mined indices. Table 2 indicates the criteria when a

given index of left ventricular function was con-

sidered to be pathological (Brunner et al., 1977).
The total number of determined indices included all
8 variables in 60 instances, 7 variables in 8 instances,
6 in 17 instances, and 5 in 1 instance.

SURGICAL PROCEDURE (Table 3)
A Bj6rk-Shiley prosthesis (no. 19 to 31, average

Table 2 Indices used for establishing score of left
ventricular functional impairment

Pathological when:

Left ventricular end-diastolic pressure
(mmHg) > 12

Cardiac index (1/min per m2) < 2-5
End-diastolic volume index (mI/M2) > 121
Ejection fraction < 0 62
Mean velocity of circumferential fibre

shortening (circ/s) < 1 00
Mean normalised systolic ejection rate

(EDVs/s) < 2-00
Vpm (ML/s) < 1-14
Vmax (ML/s) < 1-47

Vpm, peak measured velocity of contractile element shortening;
Vmax, extrapolated maximal velocity of contractile element
shortening; EDV, end-diastolic volume; circ, circumferences.

tissue annulus diameter 25-2 ± 2-1 mm) was
inserted in 32 patients, and a Lillehei-Kaster (no.
16 to 20, average tissue annulus diameter 25-0 ± 1-8
mm) prosthesis was inserted in 11 patients. Post-
operative paravalvular leakage occurred in only 1
patient of group 2 who had a postoperative aortic
regurgitation fraction of 0 30. In 1 patient an
aortocoronary bypass to the Jeft anterior descending
coronary artery was carried out but was found to be
occluded at the postoperative evaluation. A per-
sistent ductus arteriosus and a small ventricular
septal defect were closed. Myocardial protection
during cardiopulmonary bypass consisted of (1) 30°
anoxic arrest (n = 13), (2) coronary flush with 1000
ml 43 Ringers solution (n = 24), and (3) biochemical
cardioplegia* (n = 6). In order to evaluate possible
intraoperative damage, a score including intra-
operative events and early postoperative complica-
tions was established (Table 4). The scoring tech-
nique was such that at a high score there was an
increased probability of intraoperative myocardial
damage.

* 200 ml Cardioplegin (Dr Frank Kohler Chemie, Alsbach,
West Germany) injected directed into the coronary arteries.

Table 3 Surgical data

Bj6rk-Shiley Lillehei-Kaster 300 anoxic Cold coronary Biochemical Comments
arrest flush cardioplegia

Group 1 (aortic stenosis) (n = 19) 13 6 7 10 2 Closure of PDA in
1 patient

Group 2 (aortic stenosis 13 2 4 10 1 Closure of VSD in 1
+ regurgitation) (n = 15) patient; ACBP in 1

patient occluded at
postop study

Group 3 (aortic regurgitation) 6 3 2 4 3
(n = 9)

PDA, persistent ductus arteriosus; VSD, ventricular septal defect; ACBP, aortocoronary bypass.
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Table 4 Score for the evaluation of intraoperative myocardial damage

Score points

1 2 3

Crossclamping of aorta
In anoxic arrest and cold coronary flush < 40 min 40 to 60 min > 60 min
In biochemical cardioplegia < 50 min 50 to 70 min > 70min

Duration of cardiopulmonary bypass < 70 min 70 to 90 min > 90 min
Emergency operation No Yes
Hypotension before cardiopulmonary bypass No Yes
Number of defibrillations I to 2 3 to 5 >5
Duration of bypass support after beginning of coronary reperfusion < 20 min 20 to 30 min > 30 min
Duration of intubation < 2 d 2 to 4 d > 4 d
Postoperative catecholamines < 12 h 12 to 48 h >48 h

Results

CLINICAL DATA
Overall functional limitation, according to the classi-
fication of the NYHA, and the reduction of ergo-
metric physical working capacity were similar in the
3 groups of patients before operation. After aortic
valve replacement there was a significant improve-
ment in both the NYHA score and the physical
working capacity in all groups (Table 1). Left
ventricular hypertrophy as assessed by the Sokolow
index was highest before operation in group 2.
After operation this index decreased significantly in
all 3 groups, and the postoperative mean values
were at or slightly above the upper limit of normal
(3 5 mV).

LEFT VENTRICULAR FUNCTION
(Tables 5 and 6)
Before operation the left ventricular end-diastolic
pressure was raised in all 3 groups but the increase
was significantly larger in groups 2 and 3 than in
group 1. After operation the end-diastolic pressure
decreased significantly to values in the upper range
of normal. The end-diastolic volume index before
operation was increased in groups 2 and 3 and was
in the upper range of normal in group 1. After
operation there was a significant decrease in end-
diastolic volume index in all 3 groups, the extent of
reduction being largest in the patients with aortic
regurgitation who had the largest preoperative
ventricular volume. Cardiac index did not differ
significantly between the 3 groups before operation
and remained unchanged after surgery. Pre-
operatively the isovolumic (peak measured velocity
of shortening, Vmax) as well as the ejection phase
(ejection fraction, mean normalised systolic ejection
rate, and mean velocity of endocardial circumferen-
tial shortening) indices were normal or only slightly
depressed in group 1 (aortic stenosis) but were
clearly pathological in group 3 (aortic regurgitation).
In group 2 (aortic stenosis and regurgitation) the

indices of left ventricular contractile function were
intermediate. After operation there was a significant
increase in practically aU contractile indices. How-
ever, normalisation was generally less complete in
aortic regurgitation than in aortic stenosis; again
the patients with the combined lesion showed
intermediate values.

Before operation the score of left ventricular
functional impairment was highest in aortic regurgi-
tation, lowest in aortic stenosis, and intermediate in
aortic stenosis plus regurgitation (Fig. 1). After
aortic valve replacement there was a significant
reduction of the score of left ventricular functional
impairment in all 3 groups. Though the extent of
decrease was largest in aortic regurgitation the score
remained significantly raised in aortic regurgitation
as compared with aortic stenosis (Fig. 1). Thus,
there was a residual postoperative impairment of
left ventricular contraccile function in the patients
with aortic regurgitation.

PREOPERATIVE LEFT VENTRICULAR
FUNCTION AND FUNCTIONAL CLASSES
ACCORDING TO NYHA
There was no close correlation between the overall
functional limitation (NYHA class) and the im-
pairment of left ventricular contractile function. At
a given NYHA class the score of left ventricular
fimctional impairment was significantly greater in
aortic regurgitation than in aortic stenosis whereas
the values for the patients with combined aortic
valve lesion were intermediate (Fig. 2).

SCORE OF POTENTIAL INTRAOPERATIVE
DAMAGE, MEASURES OF INTRAOPERATIVE
MYOCARDIAL PROTECTION, AND
POSTOPERATIVE LEFT VENTRICULAR
FUNCTION
The score of potential intraoperative damage
amounted to 11-2 points in group 1, to 13-3 points
in group 2 (P < 0-01 vs. group 1), and to 12-6
points in group 3 (not significantly different as com-

207



H. P. Krayenbuehl, M. Turina, 0. M. Hess, M. Rothlin, and A. Senning

Table 5 Haemodynanic data

Left ventricular peak Left ventricular end- Heart rate (bpm) Cardiac index
systolic pressure (mmHg) diastolic pressure (mmHg) (I/min per mi)

Preop Postop
Preop Postop Preop Postop Preop Postop

Group 1 (aortic stenosis) 220 ± 33 161 ± 31 21 ± 7 13 ± 3 76 ± 19 79 ± 16 3 1 ± 0 7 3-1 ± 0
Number 19 19 19 19 19 19 19 19
P <0-001 <0 001 NS NS

Group 2 (aortic stenosis
+regurgitation) 185 ± 30 135 ± 18 29 ± 10 11 ± 3 73 ± 10 71 ± 10 2-9 ± 07 3-1 ± 0

Number 15 15 15 15 15 15 15 15
P < 0-001 < 0-001 NS NS

Group 3 (aortic regurgitation) 136 ± 10 136 ± 13 37 ± 16 10 ± 2 78 ± 15 72 ± 12 2-6 ± 1 1 3 0 ± 0
Number 9 9 9 9 9 9 9 9
P NS < 0-001 NS NS

P* I Vs,2<0 005 <0-01 <0-02 NS NS NS NS NS
P* I V8S3<0-001 <0-05 <0-001 <0-025 NS NS NS NS
P*,2VS 3 <0-001 NS NS NS NS NS NS NS

Vpm, peak measured velocity of contractile element shortening; Vmax, extrapolated maximal velocity of contractile element shortening; P, prob
bility (paired t test); P*, probability (unpaired t test).

pared with groups 1 and 2). When the patients were

grouped according to the measure of intraoperative
myocardial protection (30° anoxic arrest, cold
coronary flush, biochemical cardioplegia), there
was no significant difference among these groups
either with respect to the score of potential intra-
operative damage or with respect to the post-
operative score of left ventricular functional im-
pairment. Comparison between the score of poten-
tional intraoperative damage and the score of post-
operative left ventricular fimctional impairment
showed no significant correlation (correlation
coefficient 0 10).

LEFT VENTRICULAR WALL THICKNESS AND

MUSCLE MASS (Table 6)
In groups 1 and 2 the preoperatively increased left
ventricular end-diastolic wall thickness decreased

significantly after operation to values at or slightly
larger than the upper limit of normal in our

laboratory (1F04 cm (Brunner et al., 1977)). In
group 3 waU thickness remained unchanged after
operation. Left ventricular muscle mass index
decreased significantly in all 3 groups, the post-
operative mean values reaching the upper limit of
our normal range (50 to 129 g/m2 (Brunner et al.,
1977)).

Discussion

PREOPERATIVE FINDINGS

With respect to the preoperative overall functional
limitation the 3 subgroups of aortic valve disease
appeared to be comparable because the average
NYHA class and the ergometrically determined
physical working capacity were of similar magnitude.

Table 6 Angiographic data

Body surface area (m') Left ventricular end- Heart rate (bpm) Ejection fraction
diastolic volume index

Preop Postop (ml/m') Preop Postop Preop Postop

Preop Postop

Group 1 (aortic stenosis) 1-73 0-13 1-76 0-16 100 ± 35 82 ± 14 76 ± 16 80 ± 14 0-62 ± 0-19 0-72 ±
Number 19 19 19 19 19 19 19 19
P NS <0-05 NS <0-02
Group 2 (aortic stenosis
+ regurgitation) 1-77 0-20 1-81 0-20 158 ± 63 101 ± 44 78 ± 13 70 ± 12 0-57 ± 0-20 0-68 ±

Number 15 15 15 15 15 15 14 15
P < 0 005 < 0 005 NS < 0-025
Group 3 (aortic regurgitation) 1-85 ± 0-18 1-89 0-16 202 ± 49 105 ± 27 81 ± 13 77 ± 12 0 49 ± 0-09 0-64 ±
Number 9 9 9 9 9 9 9 9
P <0-05 <0-001 NS <0-01
P*I Vs, NS NS <0-005 NS NS NS NS NS
P* I VS 3 <0-05 <0-05 <0-001 <0-01 NS NS NS <0-02
P*2 VS 3 NS NS NS NS NS NS NS NS

P, probability (paired t test); P*, probability (unpaired t test); EDV, end-diastolic volume.
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sstolic pressure Aortic valve area (cm2) max dP/dt (mmHg/s) Vpm (ML/s) Vmax (ML/s)
across aortic
tmHg) Preop Postop Preop Postop Preop Postop Preop Postop

Postop

19 ± 16 0-56 ± 0-15 1-05 ± 0-38 2230 ± 450 2120 + 590 1-33 ± 0-23 1-70 0-38 1-74 ± 0-32 2-13 0-46
19 19 13 16 18 16 18 16 18

01 NS < 0-001 < 0-005

13 ± 9 1-14 ± 0-77 1-49 ± 0-39 1420 ± 350 1600 ± 310 0-87 ± 0-27 1-37 0-30 1-34 ± 0-30 1-72 0-37
15 15 11 1 1 13 1 1 13 8 13

'01 < 0-02 < 0-001 < 0-02

11 ± 9 1-51 ± 0-43 1050 ± 200 1320 ± 160 0-77 ± 0-20 1-38 0-21 1 67 ± 025
9 6 6 5 6 5 5

<0-05 <0-005

NS < 0-005 < 0-01 < 0-001 < 0-01 < 0-001 < 0-02 < 0-01 < 0-02
NS < 0-05 < 0-001 < 0-01 < 0-001 NS < 0-05
NS NS < 0-05 NS NS NS NS

However, left ventricular contractile function was POSTOPERATIVE LEFT VENTRICULAR
dissimilar in the three forms of aortic valve disease, CONTRACTILE FUNCTION
the score of left ventricular functional impairment In keeping with other postoperative haemodynamic
being significantly higher in aortic regurgitation and studies in isolated aortic valve disease (Hultgren
in combined valve lesion than in aortic stenosis et al., 1969; Kloster et al., 1970; Lee et al., 1970;
(Fig. 1). This finding is important with respect to Bjork et al., 1973a, b; Lurie et al., 1977) left ventri-
the indication of aortic valve surgery based on the cular end-diastolic pressure returned to normal on
patient's symptoms. It means that in aortic regurgi- average. Left ventricular ejection performance
tation and in combined aortic valve lesions deteriora- as assessed by the ejection fraction increased post-
tion of myocardial function is more advanced than operatively to normal values in all 3 forms of aortic
in aortic stenosis when the patient becomes sympto- valve disease (Table 6). This observation is in
matic and hence is selected for valve replacement. agreement with other investigations (Doces et al.,
Thus, it is not surprising that long-term post- 1974; Schmutzler et al., 1976) dealing with angio-
operative survival has been reported by several graphic assessment of left ventricular finction after
authors (Hirshfeld et al., 1974; Isom et al., 1974; successful aortic valve replacement. In contrast, no
Barnhorst et al., 1975; Rothlin et al., 1977) to be significant postoperative change of left ventricular
less favourable in aortic regurgitation and com- ejection fraction was reported in patients with aortic
bined valve lesions than in aortic stenosis alone. homografts (Kennedy et al., 1968) or porcine

time (ms) Mean normalised systolic Mean velocity of Left ventricular end- Left ventricular muscle
ejection rate (EDVIs) circumferential fibre diastolic wall thickness (cm) mass index (g/m')

Postop shortening (circ/s)
Preop Postop Preop Postop Preop Postop

Preop Postop

28 288 ± 28 1-96 ± 0-57 2-51 ± 0-29 1-05 ± 0-44 1-53 ± 0-28 1-18 ± 0-17 1-03 ± 0-14 154 ± 48 116 ± 28
19 19 19 19 19 19 19 19 19

)05 < 0-001 < 0-001 < 0-001 < 0-001

35 293 + 26 1-80 ± 0-67 2-36 ± 0-59 0-97 ± 0 51 1-38 ± 0-34 1-21 ± 0-17 1-07 ± 0-20 201 ± 48 132 ± 38
15 14 14 15 15 15 15 15 15

)5 < 0-02 < 0-02 < 0-02 < 0-001
18 291 + 32 1-54 ± 0-28 2-23 ± 0-49 0-69 ± 0-28 1-25 ± 0-51 1-03 ± 0-26 1-04 ± 0-10 190 ± 76 130 ± 30

9 9 9 9 9 9 9 9 9
)5 <0-01 <0-02 NS <0-02

NS NS NS NS NS NS NS < 0-01 NS
NS < 0 05 NS < 0-05 NS NS NS NS NS
NS NS NS NS NS < 0-05 NS NS NS
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Fig. 1 Score of left ventricular (LV) functional impairment in aortic stenosis
(AS: group 1), in combined aortic stenosis and regurgitation (AS + AR: group 2),
and in aortic regurgitation (AR: group 3). There is a significant decrease of LV
functional impairment after aortic valve replacement (P values inside the 3
panels; paired t test). In AR the LVfunctional impairment is significantly
greater than in AS before as well as after operation (P values below the 3
panels; unpaired t test). The triangles indicate the mean values.
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Fig. 2 Score of left ventricular (LV) functional impair-
ment at preoperative evaluation in the NYHA classes II,
III, and IV. In the NYHA classes II and III the score of
left ventricular functional impairment was significantly

* AS greater in aortic regurgitation (AR) than in aortic
* AS+AR stenosis (AS). The score of the patients with combined
A AR aortic valve lesion (AS + AR) was intermediate. P =

T ± SE probability (unpaired t test). In the NYHA classes II
and III the solid symbols represent mean values i 1

IV standard error. In the NYHA class IV the symbols
represent 3 single values (2 AS, 1 AS + AR).
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Table 7 Score of potential intraoperative myocardial damage and preoperative muscle mass for three groups of
patients

Score of left ventricular Score of Potential intraop Left ventricular muscle
functional impairment (%) damage of myocardium mass index

(points) Preop (gim')
Preop Postop

Group A (n = 13)*
(maximally 1 LV index pathological preop and postop) 10 8 11-6 163

Group B (n = 19)t
(2 or more LV indices pathological preop,
maximally 1 index pathological postop) 72 5 12-4 168

Group C(n = II)*
(2 or more LV indices pathological preop and postop) 78 44 12-6 213

PA Vs B NS NS
PA Vs C NS <0105
PB Vs c NS <0 1

* Group A with minimal pre- and postoperative left ventricular (LV) functional impairment.
t Group B with depressed preoperative LV function and minimal postoperative impairment.
t Group C with depresscd preoperative LV function and postoperative residual dysfunction.

heterografts (Lurie et al., 1977) in whom there was
at least some postoperative aortic regurgitation.

Although the ejection fraction is a popular and
useful index for the assessment of left ventricular
function and has been shown to be of predictive
value in valvular heart disease (Cohn et al., 1974) it
only incompletely reflects left ventricular contractile
state when the loading conditions change
(Sonnenblick and Strobeck, 1977). After operation
afterload decreased because left ventricular peak
systolic pressure and/or left ventricular dimensions
were reduced. Therefore, an appraisal of left
ventricuiar function should include not only
ejection indices but also standard haemodynamics
and isovolumic velocity indices to give the best
picture of the actual state of the myocardium. Thus,
using for this purpose the score of left ventricular
functional impairment, we found a remarkable
improvement in left ventricular contractile function
in all 3 groups after valve replacement (Fig. 1).
Nevertheless there remained some residual func-
tional impairment which was significantly greater in

Table 8 Score ofpotential intraoperative damage
(PID) and postoperative score of left ventricular
functional impairment (LVFI) in relation to method of
myocardial protection

Myocardial Score of PID Score of LVFI (%)
protection (points)

Preop Postop

I. 300 anoxic arrest
(n = 13) 13-0 47 11

II. Cold coronary
flush (n = 24) 15-7 57 17

III. Biochemical
cardioplegia
(n = 6) 12-8 53 22

For all three scores statistical comparisons (unpaired t test)
between groups I, II, and III yielded P values > 0*05.

patients with aortic regurgitation than in those with
aortic stenosis. The postoperative score of the
patients with combined lesions was intermediate.
These postoperative observations are at variance
with those of Gault et al. (1970) who reported
no improvement in contractile function in patients
with free aortic regurgitation after operation.

POSSIBLE CAUSES FOR RESIDUAL LEFT
VENTRICULAR DYSFUNCTION
Surgery itself may represent serious trauma to the
myocardium and thus may in part account for the
residual left ventricular dysfunction. In order to
test this hypothesis we have regrouped the 43
patients in 3 subsets according to the level of pre-
and postoperative left ventricular contractile finc-
tion (Table 7). In group A pre- and postoperative
left ventricular contractile function was normal or
near normal; in group B preoperative function was
depressed but there was complete or nearly complete
postoperative normalisation; in group C pre-
operative function was equally compromised as in B,
but postoperatively there was a residual left ventri-
cular functional impairment. If surgery per se had)
been a significant factor in determining residual
impairment of left ventricular function, the score of
potential intraoperative damage should have been
raised in group C. However there was no significant
difference among the three subsets A, B, and C.
Moreover the type of myocardial protection used

during operation appeared to have had no impact
on the postoperative contractile function (Table 8).

In another attempt to identify a common pre-
operative factor in those patients who did not
normalise left ventricular function postoperatively
the extent of hypertrophy estimated from the
magnitude of the left ventricular muscle mass index
was determined in the subsets A, B, and C (Table
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7). It was observed that the patients with normal or
near normal postoperative left ventricular function
(groups A and B) had a smaller preoperative muscle
mass index than the patients with two or more
pathological postoperative indices of left ventricular
function (group C) regardless of whether or not the
preoperative function was impaired (group B) or
normal or near normal (group A). This finding
supports the contention that in aortic valve disease
massive preoperative hypertrophy, probably
associated with fibrosis (Maron et al., 1975), is an
adverse factor for the normalisation of post-
operative left ventricular contractile function.

CONCLUSIONS ON INDICATION FOR AORTIC
VALVE REPLACEMENT
In the last few years the operative mortality of
aortic valve replacement has decreased to 2 to 4
per cent and has even been abolished as reported
recently (Karp and Lell, 1976). Therefore survival
alone cannot any longer be considered to be the
criterion for success (Galyean et al., 1974). In our
opinion a legitimate requirement in 1978 has to be a
complete or nearly complete normalisation of left
ventricular contractile function after surgery. How-
ever, this goal can only be achieved if preoperative
impairment of left ventricular contractile function
is not too far advanced. With this objective in mind
it appears to be safe in aortic stenosis to wait until
symptoms of class II to III (NYHA) occur. On the
other hand, in aortic regurgitation a similar overall
functional limitation is associated with significantly
greater impairment of left ventricular function which
is only partially reversible after operation. Thus, we
recommend that aortic valve replacement should be
carried out in patients with haemodynamically
important aortic regurgitation as soon as mild
symptoms occur.
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